Recently, it has been clarified that glutamate (Glu) can stimulate the umami taste as well as the visceral sensation to help the gastric protein digestion. Our survey suggests the possibility that the amount of free Glu in hospital foods is lower than that in ordinary foods. In the present study, monosodium glutamate (MSG) was supplemented to meals for 11 elderly inpatients during 2 months, and the fortification effects on their nutritional status, general condition, and quality of life (QOL) were investigated. The degree of recognition was improved, and peripheral lymphocytes were increased, even when there was no change in nutritional intake or protein nutritional status. Based on these results, we concluded that appropriate utilization of Glu for nutritional care of the elderly people would be useful for improving QOL.
INTRODUCTION
The elderly people have various physiological dysfunctions and the high morbidity rates as well as a high risk of malnutrition with many diseases. Gustatory dysfunction is also observed as a usual clinical problem in the elderly. In the elderly, elevation of the gustatory threshold for umami taste, as well as for salty, sweet, sour, and bitter tastes, has been confirmed. [1] [2] [3] Glutamate (Glu), one of non-essential amino acids, has umami taste, and it has been reported that the oral stimulation by MSG solution (umami) increases secretion of saliva and promotes mastication, 4) and activation of the efferent pathways of the gastric and pancreatic vagal rami to facilitate gastric and pancreatic functions and to increase gastric endocrine and pancreatic exocrine and endocrine secretions (pancreatic digestive enzymes, insulin, etc.). 5) Uneyama et al. reported that, among 20 amino acids, only Glu can induce afferent reactions of gastric vagal rami and thereby influence digestion/absorption and activation of metabolism after absorption of nutrients through stimulation of the brain via gastric Glu sensors.
6) The possibility exists that Glu may facilitate preparation for digestion/absorption of nutrients on the tongue through stimulation from taste receptors to the brain, and it may play a role in the gastric phase to activate digestion/absorption and metabolism of nutrients by stimulation via gastric vagal rami from gastric Glu sensors.
7)
The fortification of an appropriate amount of MSG to foods for the elderly is expected to exert effects improving the status of decreased taste stimulation, improving nutritional status via stimulation of gastric Glu sensors, and thereby improving QOL. Herein, we describe the results of investigating daily Glu intake by elderly inpatients in Japan and the effects of fortifying MSG to foods for elderly inpatients to improve nutritional status, general condition, etc.
FREE-Glu CONTENT IN HOSPITAL FOODS IS LOWER THAN THAT IN ORDINARY FOODS
The Ministry of Health and Welfare (the Ministry of Health, Labor and Welfare (present name)) reported that the daily free-Glu intake for people over 65 years was estimated at 1640 mg. 8) We measured the free-Glu contents of general meals and of blenderized meals served at a hospital, in which the following free-Glu fortification study was conducted, using the amino acid analyzer L-8800 (Hitachi Koki Co., Ltd.) (Fig. 1) . The daily content of free-Glu in general meals and blenderized meals of the hospital were lower than that predicted to be ingested by elderly people in general as foregoing report.
AUGMENTATION OF UMAMI IN ELDERLY INPA-TIENTS ALLOWS IMPROVEMENT OF NUTRITIONAL STATUS AND GENERAL CONDITIONS
The effects of Glu fortification to hospital food for elderly inpatients to improve nutritional status and general condition were investigated. The subjects were 11 inpatients (2 men and 9 women, with a mean age of 85.8Ϯ8.2 years). MSG was added at 0.5% w/w to rice gruel as a staple diet in each meal given 3 times a day. This concentration is similar to that in the report by Bellisle et al.
9) The period of fortification was 2 months, between December 2005 and February 2006. The dietary intake was calculated for each meal from the Standard Table of Food Composition in Japan 5th Revised and Enlarged edition on the basis of the real intake obtained from the pre-and post-prandial weights. Body weight, blood pressure, hematological and blood biochemical indices were measured at just before (BL), 1 month, (1M) and 2 months (2M) on the fortification period. General condition was investigated with 2 distinct methods, Hasegawa's Dementia Scale (HDS-R) 10) and the evaluation by nursing staff. HDS-R, consisting of 9 inquiry items based on cognitive function, was examined at BL and 2M. The evaluation by nursing staff was performed as follows; at 2M the staffs were asked to remember and compare the daily performances between BL and 2M for each subject.
As shown in Table 1 , body weight, and blood pressure did not change significantly during the study. Also, there was little or no change in nutritional intake, probably because the all subjects had ingested approximately 100% of the prepared meals, which based on the constant criteria for nutrition, even before the start of the study, and they ingested same meals after the start of the study. There was little change in the index of nutritional status of proteins, renal function and liver function. Blood lymphocytes tended to increase during the fortification period, and that significantly decreased at 1 month after the fortification period (1560Ϯ 446) than 2M (pϽ0.05). This phenomenon was similar to the experiment by Shiffman et al., in which MSG, 5Ј-ribonucleotides, and flavored materials was added to the foods for stay-at-home elderly people.
11) The most striking result of the study was the improvement of the general condition. The HDS-R evaluation revealed cognitive function to have improved in 5 of the 11 patients, decreased in 3 patients, and to be unchanged in 3 patients. The evaluation of the patients' daily performance by nursing staff showed the following remarkable improvement at the end of the fortification period; "clear speech", "cheery facial expression", and "Eye-open- Total Score  7  10  2  3  4  2  3  3  3  3  6 V: improved after fortification period.
ing" ( Table 2 ). The mechanisms of these effects are not apparent, but this seems to be a possibility leading to the positive change was utilization efficiency of nutrients and improving general condition by stimulating to gut phase by fortifying MSG.
CONCLUSION
The MSG fortification to hospital meals as part of nutritional care of the elderly, may improve QOL, and prevent infections, by facilitating the immune functions in the hospitalized elderly.
